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during dobutamine stress echocardiographic (DSE) by tissue Doppler Imaging (TDI) is affected by
the presence and the severity of coronary artery disease (CAD) among patients with stable angina
pectoris and also its relation to inducible ischemia.
Patients and methods: This study comprises 60 patients with suspected angina pectoris. All subjects
were examined with DSE and TDI to assess resting mean E/E0 at peak stress, E/E0 change and E/E0
index. Coronary angiography was performed within 1 month.
Results: Coronary angiography revealed CAD in 38 patients (CAD group) while the remaining 22
patients formed the non-CAD group. There is a signiﬁcant decrease of peak E0, S0 and increase peak
E/E0 in CAD group during stress compared to non-CAD group (P< 0.01, P< 0.05 and
P< 0.001, respectively). Thirty-two patients with inducible ischemia during stress had higher peak
E/E0, E/E0 index compared to 28 patients with non-inducible ischemia. Receiver operating curve
analysis showed an optimal cut-off value of peak E/E0, E/E0 change, E/E0 index (>4.11, >0.9
and >0.8, respectively) for the presence of CAD (area under curve 0.91, 0.93 and 0.88, respectively
P< 0.001 for all). Sensitivities for detection of CAD were 94.7%, 84.2% and 89.5% and speciﬁcity
was 90.9%, 72.7% and 74.7%, respectively. Peak E/E0, E/E0 index increased proportionally with the
number of stenotic vessels (r= 0.89 and 0.76, respectively, P< 0.001).
Conclusion: During DSE the changes of mean E/E0 ratio are associated with inducible ischemia, the
presence of CAD and the extent of CAD. So, E/E0 can be used as objective evidence during DSE.
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lsevier1. Introduction
Dobutamine stress echocardiography (DSE) is widely used as a
noninvasive method to detect coronary artery disease (CAD)
through the estimation of wall-motion abnormalities.1 How-
ever, the current method is limited by the artifacts as a result
of image quality, the biasness being based on subjective inter-
pretation and dependence on experience.2
22 I.A. ElsherbinyTo delineate the existing difﬁculties, the assessment of CAD
calls for a method that can be both quantitative and be inde-
pendent of image quality.
Mitral annulus velocity reﬂects the rate of change in left
ventricular (LV) long-axis dimension and volume, and accord-
ingly, can yield the state of myocardial relaxation.3
The most accurate non-invasive predictor of elevated LV
ﬁlling pressures so far is the ratio of transmitral ﬂow velocity
to annular velocity (E/E0).4 Patients with myocardial ischemia
usually have high LV ﬁlling pressures.5
Therefore, E/E0 might serve as a marker for myocardial
ischemia in patients with CAD. Ommen et al. have shown that
the measurement of E/E0 can be obtained easily and is almost
independent of the image quality as well.6 However, whether
E/E0 during DSE has clinical relevance remains to be explored.
Accordingly, this study aimed to determine whether a quanti-
tative estimation of E/E0 provides more reliable information
for detecting coronary artery disease during dobutamine stress
echocardiography.
2. Patients and methods
This study included 60 patients referred for evaluation of their
chest pain. These patients included 40 males and 20 females,
their ages ranged between 42 and 70 years with a mean age
of 55 years. All the included patients referred for detection of
ischemia during DSE. Patients with the following problems
were excluded from the study; heart failure, and unstable angi-
na, Acute myocardial infarction, percutaneous coronary inter-
vention within six consecutive months, congenital or valvular
heart disease, left bundle branch block or non sinus rhythm
or when the patient had any contra-indication to DSE.
The selected patients will be subjected to the following; His-
tory taking, clinical examination, resting 12-lead electrocardio-
gram, in addition to;
2.1. Transthoracic echocardiographic examination
This was done by using HP 5500 set using a 2.5 MHz trans-
ducer. Two-dimensional and M-mode echocardiographic mea-
surements were obtained according to the criteria of the
American society of echocardiography.7 We obtain the follow-
ing: -Left ventricular end diastolic diameter (LVEDD) and LV
end systolic diameter (LVESD). Ejection fraction (EF) was
calculated with modiﬁed biplane method of Simpson using
the following equation: LVEF =(LVEDVLVESV)/LVEDV,
where EDV is end-diastolic volume and ESV is end-systolic
volume.
2.2. Pulsed wave tissue Doppler imaging (PW TDI)
TDIGuided by the two-dimensional apical four chamber view,
a 5 mm sample volume was placed on the lateral and septal mi-
tral annulus. Settings were adjusted. Nyquist velocity range
±20 cm/s, horizontal record velocity of 30–30 m/s, and a cine-
loop of 3–5 consecutive heartbeats were recorded. We took
care to obtain an ultrasound beam parallel to the direction
of mitral annular motion. The pulsed wave TDI-derived indi-
ces; Peak systolic ejection velocity (Sa), isovolumic contraction
velocity (IVV), early (Ea) and late (Aa) diastolic velocitiesmeasured and averaged from the lateral, septal, anterior and
inferior corners of the mitral annulus.
2.3. Dobutamine stress echocardiography
Dobutamine was infused at 5 lg/kg/min and the dosage was
increased to a rate of 10, 20, 30, and 40 lg/kg/min in 3-min
intervals. Patients who did not achieve 85% of their age-pre-
dicted maximal heart rate were given intravenous atropine
(up to 1 mg), and the dobutamine infusion was continued fur-
ther for 3 min.
The test was terminated once the patients reached the target
heart rate or developed: Severe ischemia (increasing angina,
extensive wall-motion abnormality, >3-mm S-T segment
shift), severe palpitation, signiﬁcant arrhythmias, dyspnea, se-
vere hypertension (P240/120) or hypotension.8
Quadscreen format display was created by digitized four
standard imaging planes. Wall motion in each of the 16 seg-
ments of the LV was visually scored, ranging from 0 to 4
(0 = hyperkinesis, 1 = normal, 2 = hypokinesis, 3 = akine-
sis, and 4 = dyskinesis).
Conventional Doppler and Doppler tissue imaging param-
eters obtained during dobutamine stress echocardiography in
the same sequence at baseline and peak dose of DSE. An E/
E0 value obtained at peak dobutamine stress over that at base-
line was deﬁned as an E/E0 index.
2.4. Coronary angiography
Coronary arteriography was performed by a femoral approach
using the standard Judkins technique. Coronary arteries were
visualized in left and right oblique planes and caudal and cra-
nial angles.
3. Results
3.1. The patients divided into two groups according to the
angiographic results
Group I: includes patients with normal coronary artery by cor-
onary angiography (N= 22). Group II: includes coronary ar-
tery diseased patients (N= 38) diagnosed by coronary
angiography.
According to the results dobutamine stress echocardiogra-
phy, patients were divided into inducible and noninducible
ischemia groups according to the presence of inducible wall
motion abnormalities. The demographic, clinical characteris-
tics and resting and stress haemodynamics ﬁnding of the stud-
ied groups are shown in Table 1.
Comparison of the conventional echocardiographic and tis-
sue Doppler parameters between Non CAD and CAD groups
at baseline and peak dose dobutamine infusion are shown in
Table 2 and Fig. 1.
The patients in the present study had no signiﬁcant differ-
ence as regards age, body mass index, diabetic, hypertension
and hyperlipidemia for cross-matching to avoid the effect of
these factors on diastolic function.
Comparison of the tissue Doppler parameters between
groups with non inducible wall motion abnormalities and
groups with inducible wall motion abnormalities at baseline
Table 1 Demographic, clinical characteristics and resting and stress haemodynamics ﬁnding in the studied groups.
Non CAD group (n= 22) CAD group (n= 38) P-value
Age 54.8 ± 4.5 55.6 ± 8.5 0.77
BMI 23.9 ± 1.6 23.1 ± 2.5 0.36
Sex
Male 8 (36.4%) 32 (84.2%) 0.025
Female 14 (63.6%) 6 (15.8%)
Diabetes 10 (45.5%) 16 (42.1%) 0.23
Hypertension 14 (63.6%) 26 (68.4%) 1.0
Hyperlipidemic 8 (36.4%) 24 (63.2%) 0.25
Smoking 8 (38.5%) 30 (78.9%) 0.04
Heart rate (rest) 75.4 ± 7.5 75.2 ± 6.2 0.92
Heart rate (stress) 152.9 ± 11.4 147.5 ± 12.04 0.24
SBP (rest) 119.09 ± 8.3 115.78 ± 6.9 0.25
SBP (stress) 129.54 ± 8.5 122.1 ± 13.9 0.12
DPB (rest) 74.45 ± 5.68 72.3 ± 5.3 0.30
DBP (stress) 80.9 ± 7.0 75.26 ± 9.7 0.10
Table 2 Conventional echocardiographic parameters and tissue doppler parameters between NonCAD and CAD groups at baseline
and peak dose dobutamine infusion.
NonCAD group CAD group P-value
EF% 61.6 ± 4.5 57.2 ± 7.4 0.08
FS% 33.09 ± 3.3 30.6 ± 5.6 0.20
LAD 30.09 ± 2.07 30.78 ± 2.14 0.39
IVST 10.7 ± 1.1 11.2 ± 1.6 0.39
PWT 10.9 ± 1.2 10.2 ± 1.7 0.24
LVSD 32.5 ± 2.7 36.3 ± 6.7 0.085
LVDD 49.27 ± 4.02 52.05 ± 4.7 0.115
Presence of mitral regurge (MR) 6 (27.3%) 8 (73.7%) 0.023
WMSI 1.0 1.34 ± 0.19 <0.001
E rest 54.49 ± 5.9 61.09 ± 19.6 0.28
E peak 58.14 ± 11.57 70.16 ± 19.5 0.07
E/A 0.87 ± 0.35 0.73 ± 0.19 0.218
E0 rest 10.9 ± 1.07 9.5 ± 1.15 0.002
E0 peak 16.64 ± 3.2 8.9 ± 1.66 <0.001
E0 change 5.7 ± 3.58 0.61 ± 0.12 <0.001
S0 rest 11.07 ± 2.94 10.59 ± 3.4 0.702
S0 peak 19.01 ± 3.29 14.76 ± 3.8 0.072
S0 change 8.97 ± 3.55 2.56 ± 1.8 0.014
E/E0 rest 5.02 ± 0.77 6.46 ± 2.16 0.044
E/E0 peak 3.52 ± 0.54 8.18 ± 2.8 <0.001
E/E0 change 1.49 ± 1.0 1.7 ± 0.8 0.001
E/E0 index 0.71 ± 0.16 1.3 ± 0.43 <0.001
E0/A0 0.94 ± 0.22 0.65 ± 0.15 0.198
The signiﬁcance of E/E0 to detect coronary artery disease during dobutamine stress echocardiography 23and peak dose dobutamine infusion are shown in Table 3 and
Fig. 2.
According to the results of dobutamine stress echocardiog-
raphy, patients were divided into: symptomatic patients during
DSE (34 patients) and nonsymptomatic (26 patients) at stress.
There was signiﬁcant increased E/E0 index (1.2 ± 0.37 vs.
0.85 ± 0.27) in symptomatic patients during DSE compared
to nonsymptomatic patients.
The comparison of E/E0 index and E/E0 peak in patients
with 1-, 2-, and 3-vessel disease with those without coronary
artery disease is shown in Table 4.
There is a correlation between the number of coronary ar-
tery diseased vessels and E/E0 peak (r= 0.77, P< 0.01). E/E0change (r= 0.68, P< 0.01), E/E0 index (r= 0.76, P< 0.01)
as shown in Fig. 3.
A receiver operating curve analysis (ROC curve) of E/E0
peak, E/E0 change and E/E0 index as an indicator to detect
the presence of three vessels disease has been performed. It
was found that in group II a cut-off value of E/E0 peak
P7.17 had a speciﬁcity of 82.6%, a sensitivity of 100%, E/E0
change P0.96 had a speciﬁcity of 82.6%, a sensitivity of
85.7% and E/E0 indexP1.11 had a speciﬁcity of 82.6%, a sen-
sitivity of 85.7% to detect the presence of three vessels disease.
A receiver operating curve analysis (ROC curve) of E/E0
peak, E/E0 change and E/E0 index as an indicator to detect
cut-off value of the presence of CAD has been performed. It
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Figure 1 Comparison between E/E0 peak, E/E0 change and E/E0
index in nonCAD and CAD.
24 I.A. Elsherbinywas found that in group II a cut-off value of E/E0 peakP4.11
had a speciﬁcity of 90.9%, a sensitivity of 94.7%, E/E0 change
P0.9 had a speciﬁcity of 72.7%, a sensitivity of 84.2% and E/
E0 indexP0.8 had a speciﬁcity of 72.7%, a sensitivity of 89.5%
as shown in Fig. 4.
4. Discussion
During ischemia, left ventricular (LV) diastolic function is af-
fected earlier than the systolic function.9 On the basis of this
concept, clinical studies have demonstrated that the evaluation
of regional LV diastolic function could be a valuable strategy
for the identiﬁcation of reduced myocardial perfusion.10
TDI has been used most commonly to evaluate diastolic
function and to estimate diastolic ﬁlling pressures.11
Transmitral ﬂow velocity in conjunction with annular
velocity (E/E0) has so far been shown to be the best single
Doppler predictor of elevated ﬁlling pressures at rest6 and at
stress.12
The aim of the present study is to determine whether a
quantitative estimation of E/E0 provides more reliable infor-
mation for detecting coronary artery disease during dobuta-
mine stress echocardiography.
In the present study E0 value decreased in CAD group, but
increased in non CAD group during stress echo. Consequently,Table 3 Tissue Doppler parameters between group with non indu
motion abnormalities at baseline and peak dose dobutamine infusio
Group with non inducible wall
motion abnormalities (n= 28 pati
E0 rest 10.76 ± 1.3
E0 peak 15.6 ± 4.3
E0 change 4.9 ± 2.2
S0 rest 10.9 ± 2.8
S0 peak 18.6 ± 8.09
S0 change 7.9 ± 3.6
E/E0 rest 4.9 ± 0.97
E/E0 peak 3.7 ± 0.8
E/E0 change 1.14 ± 0.3
E/E0 index 0.8 ± 0.29
E0/A0 0.7 ± 0.2E/E0 increased signiﬁcantly in CAD group, but not in non
CAD which may be an attribute of the proportional increase
in both mitral inﬂow and annular velocities. Moreover, there
were signiﬁcant differences regarding E0 peak, E0 change which
decreased in CAD group, but increased in non CAD group. E/
E0 peak and E/E0 index values showed signiﬁcant increase in
CAD group, but decreased in nonCAD group during stress
echo. This in accordance with Tsougos et al. who found that
the E/E0 ratio is a good marker for identifying CAD.13
The mitral annulus E0 velocity, which reﬂects the status of
mitral relaxation, actually increases with exercise or increased
preload when myocardial relaxation is normal, but E0 velocity
does not augment as much with higher transmitral pressure
gradient or with exercise when relaxation is impaired. There-
fore, in normal subjects, mitral inﬂow E velocity and mitral
annulus E0 velocity increase proportionately at resting stage
and exercise.14
However, in patients with diastolic dysfunction, E velocity
increases with exercise but E0 velocity remains less or increases
less with exercise. Therefore, the E/E0 ratio increases with exer-
cise compared with the resting stage in patients with diastolic
dysfunction. In normal subjects, mitral E velocity increases
with exercise from baseline data, and E0 velocity increases.
Therefore the E/E0 ratio remains the same at baseline and with
exercise in subjects with normal diastolic function.14
The E/E0 ratio has been proposed as a valuable marker of
elevated LV end diastolic pressure,12 a phenomenon that
occurs before systolic WMA and ECG changes. Regional
myocardial velocity during dobutamine stress echocardiogra-
phy has been compared with the results of nuclear perfusion
scintigraphy15 and coronary angiography.16 These tissue
Doppler analyses had slightly lower feasibility compared with
conventional echocardiographic wall motion analysis.15
The present study found that patients with CAD had ele-
vated E/E0 during DSE, particularly those having multivessel
disease and also the development of symptoms and inducible
wall motion abnormalities during DSE are both associated
with an increase in E/E0.
However, when we took E/E0 into consideration, E/E0 va-
lue not only proved to be imperative for gauging coronary
stenosis, it could also reveal the extent of myocardial ische-
mia with high success rate. Therefore, E/E0 assessment is a
diagnostic tool for CAD, especially for patients with mul-
tivessel disease.cible wall motion abnormalities and group with inducible wall
n.
ents)
Group with inducible wall
motion abnormalities (n= 32 patients)
P-value
9.5 ± 1.1 0.012
9.6 ± 1.09 <0.001
0.85 ± 0.6 <0.001
10.7 ± 3.5 0.903
12.15 ± 2.4 0.004
2.6 ± 1.9 0.080
6.6 ± 2.1 0.007
7.6 ± 2.1 <0.001
1.01 ± 0.28 0.004
1.19 ± 0.33 0.003
0.63 ± 0.15 0.075
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Figure 2 Comparison between E/E0 peak, E/E0 change and E/E0
index in non inducible wall motion abnormalities and inducible
wall motion abnormalities.
The signiﬁcance of E/E0 to detect coronary artery disease during dobutamine stress echocardiography 25Detecting multivessel disease adequately is still a problem
for most cardiologists. Although scintigraphy is commonly
applied, the fact that proportional reduction of myocardial
perfusion was taken as a net value in the case of multivessel
disease renders it not an ideal method to pinpoint which of
the vessels are actually involved in presenting the disease.
The alternative wall-motion analysis has been shown to convey
insufﬁcient information for the detection of multivessel disease
because of the subjective interpretation and inadequate image
quality.17
The diagnostic accuracy of E/E0 at dobutamine stress, E/E0
change, and E/E0 index for the detection of CAD was assessed
by receiver operating characteristic curve indicating that these
parameters are good parameters for detecting CAD.
Also the value of E/E0 index and E/E0 peak increased propor-
tionally with the number of stenotic vessels, implying a direct
correlation of theE/E0 value to the extent ofmyocardial ischemia.
These results are in constant with Tsougos et al., who found
E/E0 at dobutamine stress, E/E0 change, and E/E0 index, indi-
cating that these parameters are sensitive parameters for
detecting CAD.13
Also these results agree with Hyodo et al. who found that
E/E0 index during DSE is the best parameter for detecting
CAD and provides a good marker for patients who might have
multivessel disease.18
In the present study change in S0 velocity from baseline to
peak stress decreased in CAD patients, this suggests that a
greater increase in the extent of stress induced ischemia and
a greater reduction of systolic functional in these patients. ThisTable 4 Comparison of E/E0 index and E/E0 peak in patients with
disease.
Variable Normal
(n= 22 patients) 36.6%
One-vessel
(n= 14 patients) 23.3%
E/E0 index 0.72 ± 0.16 0.94 ± 0.31
E/E0 peak 3.53 ± 0.54 5.39 ± 1.6is in accord with Holland et al. who found that both regional
and global S0 was signiﬁcantly reduced in patients with three-
vessel disease.19
The increase in E/E0 from baseline to peak stress was great-
er in patients who developed symptoms during DSE. The
development of symptoms and myocardial ischemia during
DSE are both associated with an increase in E/E0. This is
accordance with Nakajima et al. who found the development
of symptoms and myocardial ischemia during DSE are both
associated with an increase in E/E0.20
Regional wall motion abnormalities usually result from myo-
cardial ischemiaandmay thus interferewithmitral annularmotion
and velocities. TheDoppler ﬁndings should be used additively and
not in place of WMA assessment in CAD patients.13
4.1. Clinical implications
The assessment of E/E0 ratio should be combined with wall
motion assessment during DSE. The E/E0 ratio overcomes
the drawback of wall-motion analysis, especially when the
development of wall-motion abnormalities is subtle or is hard
to interpret because of inadequate image. It can also be appli-
cable in patients even with left bundle branch block, in which
wall-motion analysis might be degraded. Furthermore, the va-
lue of E/E0 index provides a good marker for patients who
might have multivessel disease and must be taken into consid-
eration during diagnosis. In addition, because E/E0 is a
quantitative value and can be obtained at ease without the
need of expertise, it is then user friendly and would not require
so much skill for handling as compared with when using the
conventional visual analysis, hence, would be a better diagnos-
tic tool especially for detecting CAD.
5. Limitations
The number of patients is small. However, even with this
small number of patients the study was able to conﬁrm that
E/E0 provides reliable information for detecting coronary ar-
tery disease during dobutamine stress echocardiography.
Translation and rotation of the heart in addition to api-
cal–basal movement of the heart and tethering of circum-
scribed dysfunctional myocardial segments by normal
adjacent segments may affect the assessment of regional
function. In this study the same phenomenon is, however,
measured before and after a procedure, thus far having little
effect on the ﬁnal results.
6. Conclusion
E/E0 offers a quantitative estimation of myocardial ischemia
during dobutamine stress echocardiography, thereby, providing1-, 2-, and 3-vessel disease with those without coronary artery
Two-vessel
(n= 10 patients) 16.6%
Three-vessel
(n= 14 patients) 23.3%
P value
1.24 ± 0.3 1.4 ± 0.12 <0.001
7.92 ± 1.7 9.08 ± 0.38 <0.001
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Figure 3 Signiﬁcant positive correlation between the number of
diseased vessels and E/E0 index.
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Figure 4 ROC analysis of E/E0 peak, E/E0 change, E/E0 index to
detect presence of coronary artery disease. Area under curve E/E0
peak = 0.9 (95% conﬁdence interval (CI) 0.996–1.015, P=
<0.001); E/E0 change = 0.84 (95% CI 0.707–0.987, P= 0.002);
E/E0 index = 0.89 (95% CI 0.776–1.004, P=<0.001).
26 I.A. Elsherbinya reliable andaccuratemethod for the evaluation of coronary ar-
tery disease.
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